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ABSTRACT 
Manufacture of Monterey Cheese from 
Preacidified Milk 
by 
Faisal O. Mohamed, Master of Science 
Utah State University, 1974 
Major Professor: Dr. C. A. Ernstrom 
Department: Nutrition and Food Sciences 
Whole milk acidified to pH 5.3 with hydrochloric acid was used for 
the manufacture of Monterey cheese. The milk was inoculated with one 
and one-half percent lactic starter and set with 12.5 ml rennet per 
1000 pounds of milk. Normal washing treatments resulted in cheese with 
moisture in excess of 44 percent. Moisture content was brought below 
44 percent by using wash water at a temperature such that the water-curd-
whey mixture was 35 C. The pH of cheese made by preacidification was 
all between 5.21 and 5.09. No acid defects were encountered. 
Preacidification eliminated chance of spoilage or losses caused by 
starter failure and abnormally sweet cheese. The lactose content of 
Monterey cheese made by preacidification was higher (2.9 percent) than 
that made by the conventional process (1.1 percent), while flavor and 
body and texture scores were comparable. 
(60 pages) 
INTRODUCTION 
Cheese, in many of its various forms, is an important food in 
America. The per capita consumption of ripened and unripened cheese has 
increased yearly. In the United States the per capita yearly cheese 
consumption excluding Cottage cheese in 1960 was 8.3 pounds, and in-
creased to 11.5 pounds by 1970 (47). The per capita yearly consumption 
of creamed Cottage cheese in. the United States in 1966 was 4.5 pounds 
(10). 
One particular cheese, commonly known as Monterey, has long been 
popular in the Western United States. However, problems are encountered 
in its production. The most connnon is excessive acidity which changes 
both the texture and flavor, and produces a short crumbly body. Excess 
acidity develops when too much lactose in the cheese curd is fermented 
by the lactic acid producing bacteria during manufacture and storage. 
Monterey is a relatively high-moisture cheese and is prone to high acid 
defects unless treated to reduce its lactose content. Good quality 
Monterey cheese contains 42-44 percent moisture, and has a pH of 
approximately 5.2. In an effort to prevent excessive acidity, the curd 
is washed with water to remove part of the lactose (3). The amount of 
lactose removed by washing is affected by the amount of wash water, and 
the temperature of the ·wash water (34). However, control problems still 
exist because the amount of lactose removed during washing is also 
affected by the rate of acid development (11), and it has proved 
difficult to predict the amount of wash water to use. 
The purpose of this study was t o modi f y the Monterey cheese making 
procedure in an effort to achieve a final product with a more uniform 
pH. As a basis for this, a study was made of the lactose content of 
Monterey curd at different stages of manufacture, and its relationship 
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to the final pH of the cheese. Monterey cheese made by direct acidifica-
tion, and by a combination of direct acidification and culturing was 
then compared with cheese made by the conventional method. 
REVIEW OF LITERATURE 
Phillips (35) described Monterey as chees e made by the "so called 
stirred curd or granular process," without added color, characteristic 
in size, and molded in bags under pressure into ch aracteristic shape or 
form, to contain not more than 44 percent moisture. 
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The Code of Federal Regulations (49) defines Monterey cheese as the 
food prepared from milk and other ingredients to contain not more than 
44 pe r cent of moisture and its solids contains not less than 50 percent 
of milk fat. High moisture Jack cheese conforms t o the definition and 
standard of identity and is subjected to the same requirements as 
Monterey cheese, except that its moisture content is between 44 and 50 
percent. 
There has been very little work done on the quality control of 
Monterey cheese. However, a review of research on other varieties 
illustrates basic principles which can be applied to Monterey manufacture. 
Residual lactose in cheese 
Miah et al. (30) cooled freshly pressed Cheddar cheese to 7.5 C in 
air and brine, and found that a significant amount of lactose was still 
present in the cheese after three months curing. Air and brine-cooled 
cheese contained 0.34 and 0.60 percent respectively. This contradicts 
earlier reports that in hard cheese lactose was completely utilized with-
in the first two weeks of curing (32, 41, 44). Many other workers (22, 
29, 50) have reported that lactose is utilized early in the ripening of 
Cheddar cheese. Mabbit and Zielenska (26) detected only traces of 
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lactose in Cheddar cheese after 4 months of ripening. Pressing intervals 
and cooling rates produced significant differences (p 0.01) in the amount 
of lactose present during curing. Shorter pressing times and faster 
cooling rates resulted in greater amounts of residual lactose in the 
cheese. 
Hettinga et al. (24) adapted a sensitive enzymatic method for the 
determination of glucose, galactose and lactose in cheese. This method 
revealed that lactose and its monosacharide hydrolytic products persist-
ed much longer in cheese than previously realized. They found that these 
sugars frequently persisted in Cheddar cheese for two years. The 
procedure involved the colorimetric determination of hydrogen peroxide 
formed by oxidation of glucose and galactose with their respective 
oxidases. Lactose hydroloyzed with hydrochloric acid was determined as 
glucose and galactose. 
Lactose analysis 
Several methods are available for the determination of lactose in 
dairy products. In The Official Method of Analysis (1) polarimetric and 
copper reduction methods are listed. In somewhat simplified forms, both 
of these tests may be used routinely (8, 21), but neither one has been 
adapted for cheese. Several colorimetric methods give good results 
(17, 18, 27, 36). Among these the anthrone method (17) and the phenol-
sulfiric acid method (27) have been applied to cheese. 
Dreywood (14) first reported the use of a 0.02 percent solution of 
anthrone (9 oxyanthracine) in concentrated sulfuric acid as a specific 
reagent for carbohydrates. the principle of the reaction is that the 
furfural derivatives that result from dehydration of carbohydrates by 
sulfuric acid react vTith anthrone to form colored condensation products 
(36). The anthrone reaction has been used for quantitative work (31) 
and its application for analysis of glucose, lactose, glycogen, starch, 
cellulose, etc., has been reported (25, 52). 
Shetlar (43) used the anthrone test for measuring lactose in milk. 
He tested all other organic compounds present in milk plus lactic acid 
and found that none of them interfered with the reaction. 
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Fagen et al. (17) used the anthrone method for measuring lactose in 
several dairy products and found that deproteinization was unnecessary 
even for cheese. Their method was carried out as follows: 
1. Dilute the sample with distilled water until it contains 
10 to 50 mg lactose per 2.5 ml of sample. 
2. Add 10 ml of a 0.02 percent solution of anthrone in concen-
trated sulfuric acid to 2.5 ml of sample. 
3. Hold exactly three minutes in a boiling water bath. 
4. After cooling the sample in atmosphere, measure the percent 
transmission at 580 nm. The absorbency follows Beer's Law. 
According to Dubois et al. (15), the principle of the phenol 
sulfuric acid method is that all carbohydrates with free or potentially 
free reducing groups, give an orange-yellow color when treated with 
phenol and sulfuric acid. This method is sensitive, easy to use, and 
the color is stable. But Pigmen (36) stated that the reaction of the 
phenol is the same as for anthrone as described above. 
Barnet and Tawab (5) reported that they used the method for lactose 
analysis in cheese and that none of the other cheese compounds 
seriously interfered (casein, a mixture of amino acids, lactic acid 
and citric acid in addition to but t er fa t ) . Case i n gave a very low 
reading which was attributed to traces of contaminating lactose. 
Marier and Boulet (27) studied the meth od thoroughly, especially 
the amounts of phenol and sulfuric acid to be used. They finally 
proposed the following procedure: 
1. Pipette 2 ml of the sample cont a ining 10 to 7 5 mg of 
lactose into a colorimetric tube. 
2. Add 0.10 ml of 89 percent w/v phenol reagent (prepared by 
mixing 20 ml of distilled water with 80 grams phenol at 50 ~). 
3. Add 6.0 ml of concentrated sulfuric acid slowly letting it 
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run down the side of the tube. Then swirl to obtain good mixing, let it 
stand for 10 minutes at room temperature and read the percent trans-
mission at 490 nm against a reagent blank containing all reagents and in 
which distilled water is substituted for the sample. The color intensity 
is stable for at least one hour and follows Beer's Law. 
Sutherland et al. (46) indicated that the methods reported to date 
for the quantitative determination of lactose in cheese are affected by 
the presence of other reducing substances and thus the results quoted 
are of little value. This became apparent in a study of the disappearance 
of lactose from Cheddar cheese using a modification of the phenol-
sulfuric acid method of Barnet and Tawab (5) in which the apparent lac-
tose content increased considerably as the cheese matured. 
Acid development and cheese quality 
Introduction of cultures of lactic "starter" for cheese making was 
a very important step which helped revolutionize the whole system of 
cheese making. No longer was it necessary to incubate the evening milk 
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overnight in order to give a proper "start°' to the next day's cheese 
making. Heat treatment of milk for cheese making established further 
control over the bacterial flora of milk so that in both the farmhouse 
and factory process complete reliance was placed on the starter to insure 
development of acidity. In order to test the effect of various manu-
facturing practices on the acidity of Brick cheese when Streptococcus 
lactis starter was used, Price and Spicer (39) conducted extensive 
trials. In each case the tests were repeated three days in succession 
to get reliable data. Pasturized milk was used throughout. They found 
that acid defects appeared when either too much or too little starter 
was used. Too little starter produced too much moisture in the cheese 
which consequently turned sour, while too much starter caused high 
acidit y even though the moisture content was low. It is plain that the 
amount of starter must be regulated to suit the other conditions of 
manufacturing. For instance, a difference of 4 F (2.2 C) in cooking 
temperature greatly altered the amount of starter needed to produce good 
quality cheese. Good results have been secured with 0.6 and 0.75 percent 
starter with a cooking temperature of 104 F (40 C) (39). 
Brick cheese makers commonly place starter in the milk as it is 
first delivered so that acid development or "ripening" will have been 
accomplished when the last milk arrives. Consequently, the length of 
the ripening period is determined by the time elapsing before the last 
patron comes with his milk. The effect of this practice was studied by 
trying ripening periods of O, 38, and 76 minutes. Each vat was dipped 
when the acidity of the whey reached 0.12 to 0.13 percent. There were 
no important differences in the quality of the cheese made with ripening 
periods varying between these limits, although the longer period 
proved slightly less desirable than the others (39)e 
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Czulak et al. (11) studied lactose, lactic acid and mineral 
equilibria during Cheddar cheese making. They found that while curd 
particles remain in contact with the whey, the lactose fermented in the 
curd is replaced by lactose diffusing from the whey. Lactic acid 
produced in the curd diffuses rather slowly into the whey. When high 
lactic acid levels were attained rapidly, the curd did not cheddar well, 
the pH of the cheese was low, the flavor was sour and bitter, and the 
body was crumbly and bleached. It was suggested that the abnormal 
cheddaring of high acid curd was associated with an excessive loss of 
calcium. When high acidity was developed over an extended period of 
time, the curd retained more lactose, but lost more phosphate so that its 
buffering capacity was reduced. Cheese made from such curd had a normal 
pH at an early age {up to three weeks) but became acidic at maturity, 
and this led to the development of bitter flavors. 
Dolby (13) indicated that a variation in the percentage of starter 
modified the rate of acid development in the early stages, but had 
little effect on the later stages of cheddar cheese manufacturing. 
Czulak and Hannnond (11) studied the acid development and pH in a 
new method of Cheddar cheese manufacturing. Laboratory and factory 
trials with an Australian short-time cheese-making process indicated the 
important effect of pH on the quality of cheese. A pH of 5.1 to 5.3 
was desirable in order to obtain good quality cheese. Higher pH levels 
generally resulted in cheese with fruity, unclean flavor. 
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Effect of cooking temperature 
The ef fect of cooking temperature on Brick cheese has been reported 
by several investigators. Marquardt (28) reported that the flavor and 
texture of Brick cheese made with a commercial S. lactis culture were 
adversely affected as the temperature of heating was increased from 33-
46 C. He also stated that the percent moisture in the cheese decreased 
as the temperature of heating was increased. 
Price and Spicer (39) compared cooking temperatures of Brick cheese 
at 98, 104 and 110 F (36.6, 40, 43.3 C). They found that every lot 
heated to 98 F became acid, and had a high moisture content. Cheese 
heated to 110 F showed the effects of low acid development by exhibiting 
an open texture. A temperature of 104 F gave best results. This 
experiment cast doubt upon the wisdom of raising cooking temperatures 
during summer months, as many Brick cheese makers do with the idea of 
preventing gas development. It appeared that high temperatures made 
conditions favorable for undesirable gas-producing organisms of the 
Coli-Aerogenes type, unless heat-loving, acid producing bacteria are 
present in large numbers (39). 
Berridge and Scurlock (6) reported that acid production in 
Cheddar Cheese curd was not affected by a scalding temperature of 38 C 
before or after incubation at 30 C, but that the acid production was 
slightly decreased by a scalding treatment of seven minutes at 46 C, 
four minutes at 48 C or one minute at 50 C. 
Effect of washing treatment 
Certain types of high-moisture cheese have a mild, sweet flavor 
because part of the lactose has been removed by rinsing or soaking the 
curd in water. 
Foster et al,(20) reported that the moisture and pH of Brick 
cheese can be controlled by reducing the moisture quickly during curd 
making without appreciable acid development or by removing part of the 
lactose by washing the curd with water or both. The lactose content 
of Brick cheese was controlled by milk wash treatment. (25 pounds 
of water were added per 100 pounds of milk, then 50 pounds of whey 
were drained and replaced by 50 pounds of water.) 
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This procedure removed about one-third of the lactose from the curd 
and produced cheese with a mild, clean flavor and good body. A washing 
treatment which removed one-half of the lactose from curd produced a 
cheese with a "corky" body. 
Price and Hochstrasser (38) studied the manufacture of washed curd 
cheese to determine the influence of temperature of wash water, the 
duration of washing treatment, and addition of lactose to the curd to 
replace that lost in the washing treatment. When the weight of the 
wash water equalled theweight of the curd, and the period of washing was 
15 minutes, they observed gains in moisture of 1.6, 2.3, 3.1 and 3.4 
percent with wash water at 38, 24, 16 and 7 C respectively. 
Price and Buyens (37) studied the effect of washing treatments on 
the pH, moisture and quality of Brick cheese. They used the following 
treatments: curd was washed with water at the rate of 50, 25 and 12 
percent of the original volume of milk, with water temperature of 29, 21 
and 14 C respectively. Size of the curd particles was varied by cutting 
the curd with 3, 6, and 9 mm knives, and the duration of holding the 
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curd in the water was 15, 20, 40 and 60 minutes. They concluded that 
with all sizes of curd particles, larger amounts of water increased the 
pH more than other treatments. However, larger amounts of water decreas-
ed moisture content in the finished cheese. The pH of the curd held in 
water at 29 C was slightly higher than that of curd washed at lower 
temperatures. They also found that prolonging the washing treatment 
significantly increased the pH of the finished cheese. 
Patel (34) studied the effect of washing treatments on Monterey 
cheese and concluded that an increase in the amount of water used in 
the washing treatment produced an increase in the pH of the finished 
cheese and a slight decrease in the percent moisture in the finished 
cheese. He also concluded that the best cheese was made when the amount 
of wash water was equal to 40 percent of the original milk and the 
temperature of the water adjusted to give 29 C in the curd-whey-water 
mixture. Fifteen minutes holding time was sufficient but a longer time 
was not detrimental. 
Salting cheese 
Salt content and methods of salting cheese have been reported by 
various workers. Dolby et al. (12) observed that 14 day-old Cheddar 
cheese, salted at low pH values, had a much smoother body and more 
yellow color than when salted at high pH values. Reynolds (42) reported 
that increasing the salt content of milled curd resulted in a correspond-
ing decrease in the moisture content of Cheddar cheese. 
Breene et al. (8) observed that small particles of curd absorbed 
more salt at a faster rate than large particles of curd in Cheddar 
cheese. Byers and Price (9) concluded that Brick cheese should contain 
approximately 2 percent salt. Their work indicated that excessive salt 
. caused a hard, crumbly body, unnatural white color, slow ripening, 
loss of yield and delayed lactose fermentation . Salt deficiency on the 
other hand, allowed abnormal fermentations to take place which caused a 
weak body and open texture. Hanson et al. (23) in a study of large 
numbers of commercial Brick cheese sample~ found that the salt in most 
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of the samples fell between 1.1 and 2.29 percent. They concluded that a 
low salt concentration was a major factor in permitting the development 
of "late gas." Feagan et al. (19) stated that increasing the salting 
rate and cooking temperature of Cheddar cheese caused extra moisture 
loss without increased fat losses, while dry stirring and the use of 
smaller cutting knives caused a significant increase in fat losses. 
Whitehead and Harkness (53) suggested the options most convenient for 
use by the cheese maker in attempting to adjust curd moisture are varia-
tion in the extent of dry stirring and in the amount of salt added. They 
suggested that the cheese making process may be simplified, and the 
variations necessary from time to time more rationally applied, if (a) 
acid production is maintained at constant rate from day to day, and (b) 
moisture expulsion is controlled only by variation in dry stirring and 
salting. 
Making cheese by direct acidification 
Direct acidification has been considered as an alternative method 
for the production of _ acid dairy products. Advantages for direct 
acidification over conventional souring include: general ease of 
processing--control of lactic cultures is not involved, and none of the 
problems associated with lactic cultures (phage, antibiotics, etc.) are 
encountered. In addition the process is quicker and more economical in 
terms of manpower, it eliminates the need for expensive culturing 
vessels, and the equipment is more economical on floor space~ 
During recent years, a number of investigators have studied and 
standardized methods for the production of Cottage cheese (6) and 
Mozzarella cheese (33) by direct acidification. 
These investigators and others claim that direct acidification 
methods provide better compositional control and safe-guards against 
starter failure, as well as yielding products with uniform quality and 
longer shelf life. 
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EXPERIMENTAL PROCEDURE 
Monterey cheese manufacture 
Milk for these experime~ts was obtained from the Utah State 
University Dairy Products Laboratory and pasturized by heating to 62.8 C 
for 30 minutes. 
Monterey cheese was made by a conventional procedure as well as 
from milk that had been pre-acidified with hydrochloric acid before 
starting cheese making. Coagulation of all milk was carried out with 
rennet extract. 
Conventional process. Fresh mixed strain starter was always used 
in these experiments and taken directly from the incubator to the cheese 
vat (the incubation time was between 14 and 16 hours) without refrigera-
tion. Monterey cheese was made by the normal (conventional) method which 
is described in Table 1, except that the amount of wash water was 
equal to 40 percent of the original volume of milk. Samples were taken · 
from each experimental batch at the indicated stages for: 
1. determination of lactose after draining 
2. determination of lactose after salting 
3. determination of lactose after pressing (one day old cheese) 
4. determination of lactose in 10 day old cheese 
Table 1. Manufacturing procedure for Monterey cheese. Milk: 
pasturized at 62.8 C for 380 minutes. Starter: fresh 
lactic culture, acidity 0.8 and 0.9. (34) 
Time Temp. 
Operation (hr:min) (°C) 
Add starter 0:00 31 
Add rennet 0:30 31 
Cut curd 1:00 31 
Steam on 1:30 31 
Acidity 
(%) 
0.8-0.9 
0.11-0.12 
Steam off 2:00 39-40 0.14-0.15 
First drain 2:00 39-40 
Add water 2:10 39-40 
Drain 2:30 29 
Stirring 2:35 
Salting 2:50 
Hooping 3:05 
Dressing 3:35 
Pressing Overnight 
pH 
6.4-6.5 
6.3-6.4 
6.2-6.3 
6.1-6.2 
5.2-5.3 
Comments 
1.5% 
90 ml per 
453.6 kg milk 
6 mm curd knives. 
Stir gently to 
prevent lumping 
Raise temperature 
slowly 
Remove one-half 
of the whey 
Add water at 
14-16 C until the 
temperature of 
mixture is 29 C 
Stir sufficiently 
to prevent 
matting 
1. 36 kg per 
453.6 kg milk 
10.43 kg curd 
per hoop 
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Making Monterey cheese from preacid i fie d milk. Four different 
kinds of Monterey cheese were made by adjusting the pH of the milk to 
four different levels with food grade hydrochloric acid. One and one-
half percent starter was added to the first ,three treatments, while 
treatment four was accomplished by direct acidification without the 
addition of starter. The four treatments were as follows: 
1. Milk plus starter was adjusted to pH 5.5 
2. Milk plus starter was adjusted to pH 5.4 
3. Milk plus starter was adjusted to pH 5.3 
4. Milk without starter was adjusted to pH 5.2 
Starter was added to the cold milk which had been previously 
pasturized, and food-grade hydrochloric acid added to bring the pH to 
the desired levels. The milk was heated to 31 C and rennet was added. 
The other steps in the processing were exactly the same as those listed 
for the conventional method (Table 1). 
Lactose in the curd was measured at the same four stages mentioned 
in making Monterey cheese by the conventional process. 
Determination of rennet activity in acidified milk. When normal 
levels of rennet (90 ml per 1000 pounds of milk) were added to the 
acidified milk, coagulation time was reduced to two to three minutes. 
Therefore, preliminary tests for reducing the level of rennet were 
carried out to bring the coagulation time close to the normal 30-minute 
period. 
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The tests for coagulation time were carried out at 31 Con 25 ml 
milk samples adjusted to pH 5.:s, 5.4, 5.3 and 5.2. Rennet concentra-
tions of 90 ml, 6S.7 ml, 45 ml, 22.5 ml, and 11.25 ml per 1000 pounds of 
milk were used. The apparatus described by Sonnner and Matsen (45) was 
used for measuring coagulation times. 
Determination of lactose in cheese 
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A modification of the phenol-sulfuric acid method of Marier and 
Boulet (27) was used to measure the lactose content of cheese curd. The 
tubes used in the photometer required at least 12 ml to obtain a 
reading. Therefore, quantities of reagents reconnnended by Marier and 
Boulet (27) were doubled. 
1. A sample of about 30-50 grams of cheese or curd was 
blended thoroughly (with two parts by weight of distilled water) 
until it became smooth and homogeneous. 
2. Three grams of cheese slurry which was equivalent to one 
gram of cheese was weighed in an aluminum foil dish, suspended in 
about 10 ml of distilled water and quantitatively transferred to a 100 
ml volumetric flask which was then filled to the mark with distilled 
water. 
3. The flask was allowed to stand for 30 minutes and 5 ml of the 
suspension was diluted to 100 ml in another volumetric flask. This 
dilution was filtered through Whatman No. 42 filter paper. 
4. Four ml of the filtrate was measured into a test tube and 
0.20 ml of phenol solution (prepared by mixing 80 grams of phenol with 
20 ml of water at 50 C) was added, and the solution mixed at once by 
swirling. 
5. To this was added 12.0 ml of concentrated sulfuric acid by 
allowing the acid to run down the side of the tube, while the tube was 
swirled gently to insure immediate mixing. 
6. After at least 10 minutes of cooling in cold tap water, the 
absorbency was read at 470. 
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The absorption was determined in a Bausch and Lomb "Spectronic 20" 
spectrophotometer. (See Figure 1). 
A standard curve was prepared from lactose solutions containing 
1, 2, 3, 4 and 5 percent lactose monohydrate. (1.0526 gram of lactose 
monohydrate represents 1.0 gram of anhydrous lactose.) 
A 25-ml burette was used to accurately add 12.0 ml of sulfuric 
acid to the 4 ml diluted sample. In addition, the acid was added to all 
the samples from the upper part of the burette, sin ,ce the lower part 
runs slower than the upper and this difference in time could have 
affected the readings (51). 
Marier and Boulet (27) reported that the amount of phenol was very 
critical for color development. Therefore, one part of phenol was 
dissolved in three parts of distilled water and one part in 95 percent 
ethyl alcohol. This mixture was miscible at room temperature, and 1 ml 
could be used without fear of separation. The addition of ethanol was 
found not to affect the absorbency of the solution. 
Determination of cheese moisture 
Moisture content was performed in duplicate by a forced draft oven 
method (50). 
Determination of pH in cheese 
A Leeds and Northrup portable potentiometer was used to measure pH. 
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Figure I. Spectrum of the colored compound developed in the phenol-sulfuric 
acid method for determining lactose ( 5,1)·. 
RESULTS 
Effect of pH on clotting time of milk 
treated with different concentra-
tions of rennet 
The relationship of the pH of milk and rennet concentration to 
clotting time is illustrated in Figures 3 and 4 and in Table 2. 
Figure 3 shows the effect of rennet concentrations on clotting 
time at pH 5.5, 5.4, 5.3 and 5.2. 
At a rennet concentration of 11.25 ml per 1000 pounds of milk a 
pH change from 5.5 to 5.2 decreased clotting time from 24 to 15.6 
minutes. This amounted to a reduction of 33 percent. 
Figure 4 shows the effect of pH of the milk on the clotting time 
at different levels of rennet. The curves best fit were straight lines 
which suggested a logarithmic relationship between hydrogen ion con-
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centrations and clotting time since the pH scale represents a logarithmic 
plot of hydrogen ion concentration. The slopes of the curves were 
markedly affected by rennet concentration. 
In the manufacture of Monterey cheese a setting time of 30 minutes 
is desirable. This means that the coagulation time should be about 
12-15 minutes when the milk is quiescent and slightly longer when the 
milk is in motion. Coagulation times given in Table 2 are average 
values for five determinations with the milk in motion and include the 
standard deviation from the mean for each value. 
Results obtained with rennet concentrations lower than 11.25 per 
1000 pounds of milk were extremely variable and nonpredictable, 
therefore no attempt was made to study the effect of lower concentra-
tions. 
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It appeared that an average 11.25 ml of rennet per 1000 pounds of 
milk produced clotting times at pH 5.3 and 5.2 that might have been 
expected with 90 ml per 1000 pounds at pH 6.5 in a normal cheese making 
operation. At pH 5.5 and 5.4 the coagulation times with 11.25 ml per 
1000 pounds of milk were slightly longer than described for setting 
cheese milk. However, curd formed in this manner was firm enough to cut 
after 30 minutes setting. 
In subsequent cheese making experiments involving preacidification 
of the milk to pH 5.5, 5.4, 5.3 and 5.2, 11.25 ml rennet per 1000 pounds 
of milk were used. 
0.60 
g' 0.40 
.8 j 
0.20 
1.0 2.0 3.0 4.0 5.0 
o/o Lactose (concentration) 
Figure 2. standard curve for lactose determination with the phenol-sulfuric 
acid method. 
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Figure 3. Effect of rennet concentration and pH of milk on coagulation time. 
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Table 2. Effect of pH on average clotting time of milk following 
addition of 90 ml, 67.5 ml, 45 ml, 22.5 ml and 11.25 ml 
of rennet per 1000 lb of milk. 
Rennet 
Concentration 
(ml/1000 lb) 
90.00 
67.50 
45.00 
22.50 
11.25 
pH 5.5 
(min) 
2.95 + .02 
4. 44 + .13 
6.43 ~ .10 
12.86 + .19 
24.30 + .22 
Coagulation time* 
pH 5.4 pH 5.3 
(min) 
2. 78 ± . 08 
3.80 + .13 
5.60 + .16 
11. 37 ± .17 
21.49 ± .11 
(min) 
2.41 ± .07 
3.40 ± .08 
4.98 + .16 
9.81 ± .12 
18.40 ± .36 
pH 5.2 
(min) 
2.43 ± .09 
3.19 + .07 
4.45 + .28 
9.02 ± .12 
17.04 ± .12 
*average of 5 determinations with standard deviations from the mean. 
Preparation of standard curve for lactose analysis 
by the Phenol-Sulfuric acid method 
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A straight line resulted when absorbency was plotted against lactose 
concentrations, (Figure 2). This curve was used for the interpretation 
of the spectrophotometer readings. Replication of the data was reason-
able as shown in Table 3. 
Changes in lactose content of curd during 
the manufacture of Monterey cheese 
Lactose analyses of 14 lots of Monterey cheese made by the 
conventional method are shown in Table 4. 
Lactose in cheese curd averaged 1.81 percent after draining but 
decreased to 1.66 after salting, to 1.29 in one-day old cheese and to 
1.08 percent in 10.-day old cheese. 
Table 3. Absorbencies obtained with Phenol-Sulf uric acid on 1/10 
dilutions of standard lactose solution. 
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Repli-
cate 1% Lactose 2% Lactose 3% Lactose 4% Lactose 5% Lactose 
(A) (A) (A) (A) (A) 
1 0.078 0.143 0.233 0.323 0. 377 
2 0.076 0.149 0.225 0.328 0.387 
3 0.08 1 0.146 0.229 0.315 0.372 
4 0.071 0.155 0.237 0.319 0.392 
5 0.074 0.146 0.237 0.315 0.372 
6 0.071 0.152 0.229 0.315 0.385 
7 0.076 0.146 0.233 0.319 0. 377 
8 0.081 0.152 0.237 0.332 0.377 
Mean 0.076 0.149 0.232 0.320 0.380 
*Lactose solutions as well as unknown samples were diluted to give 
absorbency readings between 0.07 and 0.04. 
Table 4. Lactose content, percent moisture and pH of Monterey cheese 
made by the conventional method. 
Stage of 
Manufacture 
After Draining 
After Salting 
1 day 
10 days 
Lactose 
( % ) 
1.81 ~ . 045 
1. 66 + . 054 
1. 29 + . 045 
1.08 + .076 
pH 
6.30 :!:° .02 
6.19 + .03 
5.29 + .024 
5.21 ± .038 
Moisture 
( % ) 
3 weeks 5.18 + .053 43.13 ± .42 
Values are av~rages of 4 determinations with standard deviation from the 
mean. 
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°' Figure 4. Effect of pH of milk on its coagulation time when treated with various 
concentrations of rennet. 
The lactose concentrations in curd at four stages of manufacture 
of Monterey cheese are shown in Table 5 and in more detail in Tables 
16, 18, 20 and 22. 
Table 5. Effect of preacidification of milk for Monterey cheese on 
the average lactose content of the curd at four stages of 
manufacture. 
pH of 
Preacidified 
Milk 
Control 
5.5 
5.4 
5.3 
5.2* 
Draining 
Lactose 
(%) 
1.83 ± .07 
1. 94 ± .10 
2.00 + .08 
2.06 + .08 
2.97 + .32 
Salting 
Lactose 
(%) 
1. 66 + . 05 
1.74±.11 
1.86 + .06 
1. 81 + .10 
2.88 ± .09 
*no starter used in this treatment. 
1 Day 
Lactose 
(%) 
1.29 ± .11 
1. 50 + . 04 
1. 56 + . 36 
1. 5 + . 07 
2.84 + .08 
10 day 
Lactose 
(%) 
1.10 + .06 
1. 24 ± . 05 
1.26 + .13 
1.29 + .11 
2.94 + .06 
The values given are averages of 5 determinations with standard 
deviations from the mean. 
Analysis of variance and an examination of the least significant 
differences revealed that there were no significant differences between 
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mean lactose levels as a result of treatments (except for treatment 5 at 
pH 5.2). However differences in lactose concentrations between stages 
were highly significant except between draining and salting where 
differences were not significant (Tables 26 and 27). 
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Cheese made by direct acidification and no starter was excluded 
from the significance test since there was a clear difference in the 
level of lactose at all stages between this treatment and the other four 
treatments (Tables 5 and 26). 
Table 6. Effect of preacidification of milk for Monterey cheese on the 
pH of curd at draining, hooping and at 1, 10, and 21 days 
pH of Pre-
acidified 
of age. 
Milk Draining Hooping 1 day 10 day 21 day 
5.5 5.43 + .030 5.37 ! .032 5.27 + .033 5.23 + .022 5.18 + .033 
5.4 
5.3 
5.2* 
5.37 + .02 5.35 + .01 
5.29 ! .02 5.27 + .02 
5.20 + .014 5.19 + .01 
5.29 + .024 5.23 + .026 5.2 ! .05 
5.26 + .015 5.22 + .018 5.18 + .015 
5.18 + .017 5.16 + .01 5.14 + .017 
*no starter used in this treatment. 
Values given are averages of 5 determinations with standard 
deviation from the means. 
Effect of preacidification of milk on the 
moisture content and quality scores of 
cheese 
Table 7 shows the moisture content and quality scores of Monterey 
cheese made from preacidified milk. The moisture content of the cheese 
appeared to increase slightly as the preacidification pH decreased, how-
ever the difference did not seem significant. 
Cheese made from milk adjusted to pH 5.5 had an average moisture 
content of 44.03 percent, while cheese made from milk adjusted to 
pH of 5.2 had an average moisture content of 44.52 percent. 
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The scoring results showed that cheese made from milk adjusted to 
pH of 5.3 was best for flavor, body and texture. 
Table 7. Effect of preacidification of milk on the moisture content 
and quality scores of Monterey cheese. 
pH of Pre-
acidified 
Milk 
Scoring** 
5.5 
5.4 
5.3 
5.2* 
Moisture 
( % ) 
44. 03 :!: • 08 
44.14 + .18 
44.33 + .19 
44.52 + .30 
Flavor 
3.25 + .25 
2.36 + .16 
2.26 ± .42 
2.58 + .45 
* no starter used in this treatment. 
Body 
3. 00 + . 6 
2.86 + .53 
2.38 + .44 
2.61 ± .45 
** values of scoring given are averages of three judges. 
Effect of preacidif ication on the 
guality of Monterey cheese made 
on a pilot scale 
Texture 
2.90 + .28 
2.70 + .40 
2.53 + .39 
2.52 + .47 
Table 8 illustrates differences between Monterey cheese made by 
the conventional method and by preacidification of the milk to pH 5.5 
and 5.3. The final pH values of cheese made by all treatments were 
very close and fell within the range of good quality Monterey cheese 
(5.1-5.2). 
Moisture content of cheese lot No. 2b was effectively reduced by 
using wash water at 35 C as opposed to the same treatment in lot 3c 
where the wash temperature was 29 C. Body and flavor scores revealed 
that there was no significant difference between any of the treatments. 
Table 8. oH. moisture content. lactose content and scores of cheese made on a pilot scale. 
No. of H Moisture ~%2 Lactose ~%2 Lactose in solids l!2_ 
repli- After After After After After After After After After After 
Lot cates drain- salt- 1 day 10 3 drain- salt- 1 da y 10 3 drain- salt- 1 10 drain- salt- 1 10 
ing ing days weeks ing ing da ys weeks ing ing day days ing ing day days 
1a 4 6.31 6.21 5.33 5.25 5.21 48.62 46 .2 7 42 .89 42.89 42. 89 1. 78 1. 61 1. 26 1.04 3.46 2.99 2.21 1.82 
2b 2 5.29 5.27 5.24 5.21 5. 17 46.44 45 . 49 4 3. 52 43.5 2 43 .52 2.01 1.80 1.49 1.26 3.75 3 . 30 2.64 2.23 
JC 1 5.27 5.25 5.22 5.17 5 . 11 47 . 23 46.16 44.51 44.51 44.51 l. 8 7 1. 63 1. 42 1.13 3.54 3.03 2.56 2.04 
4d 3 5.41 5.33 5.27 5.21 5. 17 47.33 46.41 44. 16 44.16 44 .16 2.01 1. 77 1.48 1. 25 3.82 3.30 2.65 2.24 
a Monterey cheese made by the conventional methods. The results ar e averages of 4 replicates. 
b Monterey cheese made by adjusting the pH of milk to 5.3 using wash wat e r to bring down the temperature of whey-water-curd mixture to 35 C. 
results are averages of 2 replicates. 
c Monterey cheese made by adjusting the pH of milk to 5.3 using wash water t o bring the temperature to 29 C. 
d Monterey cheese made by adjusting the pH of milk to 5.5 using wash water to bring the temperature to 29 C. 
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DISCUSSION 
Application of direct acidification in combination with starter 
cultures proved successful for the manufacture of Monterey cheese on 
a laboratory scale. 
The major problems associated with Monterey cheese in factories 
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are related to acid development. When insufficient acid is produced the 
cheese may become gassy or develop unclean flavors or both. When too 
acid, the cheese is woody, sour and expells moisture during storage. 
The direct acid modification reported here successfully overcame both 
of these problems in the laboratory. The method provided protection 
against all defects associated with high pH cheese, and in none of the 
experiments did the pH of the cheese drop below 5.09. Therefore none of 
the cheese was criticized for high acidity. In one of the experiments 
the control lot was too sweet, the flavor was unclean and the texture 
showed evidence of excessive gas. The preacidified samples made from 
the same milk were devoid of these defects. 
Acidification of milk from pH 6.5 to 5.2 reduced rennet requirements 
from 90 ml to 11.25 ml per 1000 pounds of milk. This gave approximately 
the same setting time as was used in the conventional method. This 
meant that 87.5 percent of the rennet was saved by the preacidification 
of milk. The cheese made by this procedure was similar in quality to 
that made by the conventional method. Preacidification of the milk 
seemed to reduce the activity and acid development of the starter 
culture . This might have been the reason for higher lactose levels 
and more uniform pH in the cheese. 
The starter organisms would have had less opportunity to grow be-
cause they were added to the milk at a pH well below the optimum for 
growth (pH 6.0-6.2). It is surprising, however, that organisms did not 
finally ferment more of the residual lactose in the cheese. The fate 
of the starter organisms in this process certainly needs further inves-
tigation. If other more active starter strains had been used it is 
possible that more of the lactose would have had to be removed by 
washing to prevent excess acid in the cheese. 
The phenol-sulfuric acid test is a general test for carbohydrates 
and could have responded to the presence of glucose and galactose as 
well as lactose. Therefore, some of the residual carbohydrate reported 
as lactose could have been these two lactose derivatives. 
Acidification of milk to pH 5.J at a temperature of 31 C (setting 
temperature) was carried out with no fear of coagulation when the acid 
was added with adequate agitation. It is suggested that in a cheese 
factory the acid could be added into the impeller housing of a centri-
fugal pump just prior to the milk entering the vat. The problem of 
high moisture cheese associated with preacidification was solved by 
increasing the wash water temperature from 29 to 35 C. 
Cheese made with direct acidification without starter had a nearly 
constant lactose concentration at all stages (2.9 percent), while 
lactose in cheese made by preacidification and by the conventional 
method decreased with age. It is suggested that additional studies be 
undertaken to verify the suggested method for moisture control in 
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Monterey cheese curd to make sure that the procedure will not produce 
cheese with acid defects, when starter other than those used in this 
study are employed. 
Based on the results of this study the following procedure is 
tentatively recommended for making Monterey cheese from preacidified 
milk. 
1. Pasturize the milk and cool it to 31° C. 
2. Adju s t the pH of the milk to 5.3 by adding hydrochloric 
acid to the milk into the impeller housing of a centrifugal pump just 
prior to the milk entering the vat. 
3. Add 1.5 percent lactic starter culture to the milk while 
pumping it to the vat. 
4. Add 11.25 ml of rennet per 1000 pounds of milk and allow to 
set for 30 minutes. 
5. Cut the curd and use gentle stirring to prevent lumping for 
10-15 minutes. 
6. Raise the temperature slowly to 39-40°C over a period of 
30 minutes. 
7. Drain a volume of whey equivalent to 40 percent of the 
original volume of milk. 
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8. Add a volume of wash water equal to the volume of whey that 
was removed. The water temperature should be such that the final curd-
water mixture will be 35 C. 
The other steps in manufacture are the same as those listed for 
the conventional method (Table 1). 
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APPENDIX 
Table 9. Effect of pH on coagulation time of milk following addition 
of 90 ml rennet per 1000 pounds of milk. 
Sample 
1 
2 
3 
4 
5 
Mean (x) 
pH 5.5 
(min) 
3 . 02 
2.95 
2.90 
3.00 
2.85 
2.95 
Coagulation Time 
pH 5.4 pH 5.3 pH 5.2 
(min) (min) (min) 
2 .9 2.50 2.55 
2.75 2.35 2.45 
2.75 2.40 2.40 
2.80 2.45 2.45 
2.70 2.35 2.30 
2.78 2.41 2.43 
Table 10. Effect of pH on coagulation time of milk following addition 
of 67.5 ml rennet per 1000 pounds of milk. 
Sample 
1 
2 
3 
4 
5 
Mean(;) 
pH 5. 5 
(min) 
4.65 
4.35 
4.45 
4.30 
4.45 
4.44 
Coagulation Time 
pH 5.4 · pH "5. 3 pH 5.2 
(min) (min) (min) 
3.95 3.40 3.10 
3.70 3.30 3.20 
3.90 3.45 3.20 
3.80 3.50 3.30 
3.65 3.35 3.15 
3.80 3.40 3.19 
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Table 11. Effect of pH on coagulation of milk following addition of 
45 ml rennet per 1000 pounds of milk. 
Sample 
1 
2 
3 
4 
5 
Mean G) 
pH 5.5 
(min) 
6.55 
5.35 
6.30 
6.45 
6.50 
6.43 
Coagulation 
pH 5.4 
(min) 
5.80 
5.70 
5.50 
5.60 
5.70 
5.60 
Time 
pH 5.3 pH 5.2 
(min) (min) 
5.05 4.55 
4.85 4.35 
4.90 4.50 
5.15 4.40 
4.95 4.45 
4.98 4.45 
Table 12. Effect of pH on coagulation of milk following addition of 
22.5 ml rennet per 1000 pounds of milk 
Sample 
1 
2 
3 
4 
5 
Mean (i) 
pH 5.5 
(min) 
13.05 
12.90 
12.55 
12.85 
12.95 
12.86 
Coagulation 
pH 5.4 
(min) 
11.10 
11.45 
11.55 
11. 35 
11.40 
11. 37 
Time 
pH 5.3 pH 5.2 
(min) (min) 
10.00 9.05 
9.70 8.85 
9.85 9.15 
9.65 8.95 
9.80 9.10 
9.81 9.02 
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Table 13. Effect of pH on coagulation of milk following addition of 
11.25 ml rennet per 1000 pounds of milk. 
Sample 
1 
2 
3 
4 
5 
Mean (x) 
pH 5.5 
(min) 
24.15 
24.35 
24.55 
24.45 
24.00 
24.30 
Coagulation 
pH 5.4 
(min) 
21.45 
21. 65 
21.45 
21. 35 
21.65 
21.49 
Time 
pH 5.3 pH 5.2 
(min) (min) 
18.00 17.20 
18.35 17.10 
18.85 16.90 
18 . 10 17.05 
18. 65 16.95 
18.40 17.04 
Table 14. Absorbencies arid percent lactose at four stages of 
manufacture for 14 lots of Monterey cheese made by the 
conventional method. 
Curd after Curd after Curd after 10 day old 
Vat No. draining salting eressing cheese 
Lactose Lactose Lactose Lactose 
(A) (%) * (A) (%)* (A) (%)* (A) (%)* 
1 .145 1. 90 .136 1. 78 .102 1. 32 .090 1.15 
2 .140 1.82 .132 1.69 .099 1. 27 .085 1.09 
3 .136 1. 74 .122 1.56 .098 1. 27 .090 1.15 
4 .139 1. 79 .130 1.63 .130 1. 30 .100 1.14 
5 .141 1. 86 .134 1. 70 .099 1.29 .085 1.10 
6 .134 1. 75 .133 1.61 .097 1. 25 . 077 .99 
7 .142 1.81 .130 1.68 .102 1. 31 • 087 1.13 
8 .136 1. 78 .131 1. 71 .105 1. 35 .089 1.14 
9 .141 1.86 .137 1. 64 .098 1.26 .08 1.05 
10 .139 1. 79 .125 1. 65 .099 1. 29 .083 1.07 
11 .143 1.84 .125 1.60 .093 1. 21 .073 .93 
12 .140 1.82 .124 1.68 .102 1. 31 .089 1.14 
13 .139 1. 79 .132 1. 70 .103 1. 33 .092 1. 20 
14 .143 1.86 .133 1. 67 .100 1.28 .075 .97 
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------------------------------------------------------------------------
Mean G) 
.140 1.81 .130 1.66 .100 1.29 .084 1.08 
*Grams of lactose per hundred grams of cheese or . curd. 
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Table 15. pH and moisture content of conventional Monterey cheese 
at different stages of manufacture and at 3 weeks of age. 
H Moisture 
Vat No. After After After After After After 
draining Salting 1 day 10 days 3 weeks 3 weeks 
(%) 
1 6.31 6.20 5.31 5.21 5.23 43.27 
2 6.28 6.18 5.27 5.09 5.12 43. 71 
3 6.30 6.19 5.29 5.23 5.19 43.16 
4 6.29 6.15 5. 32 5.23 5.17 43.10 
5 6.32 6.21 5.26 5.25 5.24 43.26 
6 6.31 6.17 5.32 5.21 5.21 43.44 
7 6.27 6.14 5.28 5.18 5.10 43.57 
8 6.30 6.22 5.26 5.22 5.23 42.91 
9 6.27 6.18 5.30 5.20 5.18 42.76 
10 6.27 6.25 5.28 5.21 5.09 42.79 
11 6.33 6.20 5.29 5.23 5.26 42.47 
12 6.31 6.21 5.28 5.19 5.23 43.82 
13 6.28 6.18 5.32 5.24 5.19 42.56 
14 6.29 6.22 5.27 5.21 5.16 42.98 
-----------------------------------------------------------------------
Mean 6.30 6.19 5.29 5.21 5.18 43.13 
Table 16. Absorbencies and percent lactose at four stages of manufacture 
of Monterey cheese made by adjusting the pH of milk to 5.5 
before setting (starter added). 
Curd after Curd After Curd after 10 day old 
Vat No. draining salting Eressing cheese 
Lactose Lactose Lactose Lactose 
(A) (%) (a) (%) (A) (%) (A) (%) 
1 .152 2.00 .137 1. 78 .108 1.43 .086 1. 20 
2 .140 1. 77 .125 1. 60 .114 1.48 .105 1. 35 
3 .H9 1. 95 .128 1. 65 .116 1.51 .097 1. 25 
4 .158 2.05 .143 1.85 .119 1.56 . 092 1.18 
5 .149 1. 95 .137 1. 77 .119 1.50 .093 1.18 
-----------------------------------------------------------------------
Mean .150 1. 94 .134 1. 74 .114 1.50 . 096 1. 24 
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Table 17. pH, moisture and scores of Monterey cheese made by 
adjusting the pH of the milk to 5.5 before setting (starter 
added. 
Vat EH Moisture Scoring 
No. 1 10 3 
Draining Hooping day day weeks weeks flavor body texture 
(%) 
1 5.42 5.32 5.24 5.21 5.17 44.14 3.0 3.0 3 . . 25 
2 5.39 5.38 5.27 5.25 5.13 44.01 3.5 4.0 3.00 
3 5.45 5.38 5.26 5.22 5 . 20 44.01 3.50 2.5 3.00 
4 5.42 5.42 5.30 5.24 5.18 43.92 3.25 2.5 2.50 
5 5.45 5.36 5.29 5.24 5.21 44.07 3.00 3.0 2.75 
-----------------------------------------------------------------------
Mean 5.43 5.37 5.27 5.23 5.18 44.03 3.25 3.0 2.90 
Table 18. Absorbencies and percent lactose at four stages of 
manufacture of Monterey cheese made by adjusting the pH 
of milk to 5.4 before setting (starter added) 
Curd after Curd after Curd after 10 day old 
Vat No. draining salting pressing cheese 
Lactose Lactose Lactose Lactose 
(A) (%) (A) (%) (A) (%) (A) (%) 
1 .155 2.02 .146 1.87 .137 1. 77 .099 1.29 
2 .155 2.03 .149 1. 95 .125 1.60 .092 1.18 
3 .1 61 2.10 .146 1. 90 .140 1.63 .116 1.42 
4 .146 1. 90 .134 1. 75 .102 1. 28 .086 1.11 
5 .149 1. 95 .140 1.83 .116 1. 52 .102 1. 27 
Mean .153 2.00 .143 1.86 .124 1.56 .099 1.26 
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Table 19. pH, moisture and scores of Monterey cheese made by 
adjusting the pH of the milk to 5.4 before setting 
(starter - added) 
Vat 
No. 
1 
2 
3 
4 
5 
Draining Hooping day day weeks weeks 
(%) 
5.39 5.36 5.32 5.27 5.24 44.42 
5.37 5.35 5.30 5.22 5.19 44.19 
5.38 5.34 5.28 5.21 5.17 44.01 
5.35 5 o35 5.27 5.21 5.15 44.06 
5.38 5.34 5.29 5.24 5.26 44.02 
Scoring 
flavor body texture 
2.75 3.25 2.83 
3.00 3.00 2.55 
3.16 2.33 2.83 
2.42 2.50 2.42 
3.00 2.42 2.58 
·----------------------------------------------------------------------
Mean 5.37 5.35 5.29 5.23 5.20 44.14 2.86 2.70 2.64 
Table 20. Absorbencies and percent lactose at four stages of 
manufacture of Monterey cheese made by adjusting the pH 
of milk to 5.3 before setting (starter added). 
Curd after Curd after Curd after 10 day old 
Vat No. draining salting Eressing cheese 
Lactose Lactose Lactose Lactose 
(A) (%) (A) (%) (A) (%) (A) (%) 
1 .164 2.14 .143 1.86 .116 1.51 .097 1.28 
2 .149 1. 95 .128 1.64 .108 1.62 . 105 1. 36 
3 .161 2.09 .146 1. 90 .112 1.45 .104 1.34 
4 .155 2.04 .137 1. 78 .111 1.45 .083 1. 22 
5 . 158 2.06 .143 1.85 .119 1.50 .092 1.18 
----------------------------------------------------------------------
Mean .157 2.06 .139 1.81 .113 1.50 . 096 1.29 
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Table 21. pH, moisture and scores of Monterey cheese made by adjusting 
the pH of the milk to 5.3 before setting (starter added). 
H Moisture Scoring 
Vat 1 10 3 3 
No. Draining Hooping day day weeks weeks flavor body texture 
(%) 
1 5.31 5.29 5.26 5.24 5.19 44.57 2 .16 2.00 3.00 
2 5.29 5.27 5.25 5.21 5.17 44.45 2.00 2.00 2.00 
3 5.28 5. 26- 5.27 5.23 5.18 44.29 2.00 3.00 2.33 
4 5.29 5.27 5.24 5.20 5.16 44.07 2.16 2.25 2.33 
5 5.28 5.26 5.24 5.22 5.17 44.30 3.00 2.66 3.00 
------~------------------------------------------------------------
Mean 5.27 5.26 5.22 5.18 44.33 2.26 2.38 2.53 
Table 22. Absorbencies and percent lactose at four stages of 
manufacture of Monterey cheese made by adjusting the pH 
of milk to 5.2 before setting (no starter was used). 
Curd after Curd after Curd after 10 day old 
Vat No. draining salting Eressing cheese 
Lactose Lactose Lactose Lactose 
(A) (%) (A) (%) (A) (%) (A) (%) 
1 .222 2.78 .225 2.92 .222 2.78 . 229 2.98 
2 .225 2.92 .222 2.78 .222 2.78 .225 2.92 
3 .237 3.36 .229 2.99 .229 2.99 .229 2.99 
4 .215 2.82 .219 2.82 .215 2.82 .219 2.85 
5 .224 2.95 .215 2.90 .220 2.84 .224 2.95 
-----------------------------------------------------------------------
Mean .225 2.97 .224 2.88 .222 2.84 .226 2.94 
Table 23. The pH at different stages, moisture content and scoring 
of Monterey cheese made by adjusting the pH of the milk 
to 5.2 before setting (no starter was used). 
H Moisture Scoring 
Vat 1 10 3 3 
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No. Draining Hooping day day weeks weeks flavor body texture 
(%) 
1 5.20 5.18 5.16 5.15 5.14 44.82 2.9 3.25 3.25 
2 5.19 5.19 5.18 5.17 5.15 44.63 2.5 3.16 2.50 
3 5.22 5.20 5.19 5.16 5.14 44.07 2.5 2.00 2.00 
4 5.21 5.19 5.17 5.17 5.15 44.67 2.5 2.33 2.33 
5 5.19 5.20 5.18 5.16 5.13 44.41 2.5 2.33 2.50 
-----------------------------------------------------------------------
Mean 5.20 5.19 5.18 5.16 5.14 44.52 2.58 2.61 2.52 
Table 24. Absorbencies and average lactose at four stages of 
manufacture for 5 lots of Monterey cheese made by the 
conventional method (control) 
Curd after Curd after Curd after 10 day old 
Vat No. draining salting Eressing cheese 
Lactose Lactose Lactose Lactose 
(A) (%) (A) (%) (A) (%) (A) (%) 
1 .139 1. 79 .137 1. 63 .102 1.30 .089 1.14 
2 .141 1.86 .133 1. 70 .099 1. 28 • 085 1.10 
3 .134 1. 75 .132 1.61 .097 1. 25 .077 .99 
4 .142 1.81 .131 1.68 .102 1.31 .087 1.13 
5 .136 1. 78 .133 1. 71 .105 1.35 • 089 1.14 
-----------------------------------------------------------------------
Mean 0138 1.83 .132 .101 1.29 .085 1.10 
Table 25. pH, moisture and scores of fiv e tests of Monterey cheese 
made by the conventional method (control). 
H Moisture Scoring 
Vat 1 10 3 3 
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No. Draining Hooping day day weeks weeks flavor body texture 
(%) 
1 6.32 6.21 5.26 5.25 5 . 21 43.26 4.00 4.00 4.00 
2 6.31 6.17 5.32 5.21 5.17 43.57 3.00 4.00 4.00 
3 6.27 6.14 5.28 5.18 5.10 42.91 3.00 2.84 3.00 
44 6.30 6.18 5.26 5.22 5.23 42.76 3.00 3.33 3.16 
5 6.27 6 . 25 5.30 5.20 5.18 42.47 2.66 3.33 3.66 
-----------------------------------------------------------------------
Mean 6.30 6.19 5.28 5.18 42.99 3.13 3.5 3.56 
Table 26. Analysis of variance to test for significance of lactose 
levels in Monterey cheese made by the conventional and 
preacidification methods. 
Source Degree Sum of Mean of 
of of the the F 
variance freedom square square ratio Significance 
Total 79 10.34240 .1309164 2.466 
** 
Replicants 4 .651425 E-01 .162856 E-01 0.3069 insignificant 
Lactose 3 6.235824 2.078608 39.138 
** 
Treatment 3 .5384237 .1794746 3.3792 *' 
Lact treat 
interaction 9 .3160312 .3511458 E-01 
0.6611 insignificant 
Error 60 3 .186977 .5311629 E-01 
** 
significant at level 99% confidence 
* significant at level 95% confidence 
Treatment 114 was excluded (treatment with pH 5.2 and no starter) 
since there is high significance between it and all the other treatments. 
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Table 27. Least Significa~t Differences test at 99 percent level. 
Stages Treatments 
Control 5.5 5.4 5.3 
lactose lactose lactose lactose 
(%) (_%) (%) (%) 
Draining 1.83 1. 94 2.00 2.06 
Salting 1. 66 1. 74 1.86 1.81 
1 day 1. 29 1. 50 1.56 1.50 
10 days 1.10 1. 24 1.26 1.29 
Table 28. Analysis of variance of flavor scores of five different 
cheese making treatments. 
Source Degree Sum of Mean of 
of of the the F 
variation freedom square square ratio Significance 
Total 24 190.38 
Treatment 4 2.42 0.605 1.327 NS 
Replicants 4 3.20 0.800 1. 754 NS 
Error 16 7.30 0.456 
NS significant only at a confidence level of 50 percent. 
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Table 29. Analysis of variance of body scores for f!ve different 
cheese making treatments. 
Source Degree Sum of Mean of 
of of the the F 
variation freedom square square ratio Significance 
Total 24 215.15 
Treatment 4 3. 72 0.93 1. 719 NS 
Replicants 4 0.613 0.153 0.283 NS 
Errors 16 8.667 0.541 
NS significant only at a confidence level of 75 percent. 
Table 30. Analysis of variance of texture scores for five different 
cheese making treatments. 
Source Degree Sum of Mean of 
of of the the F 
variation freedom square square ratio Significance 
Total 24 197.346 
Treatments 4 2.58 0.645 1. 702 NS 
Replicants 4 1. 95 0.488 1. 288 NS 
Error 16 6.064 0.379 
Significant only at a confidence level of 75 percent. 
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Table 31. Analysis of variance for flavor scores of the two treatments 
made on a factory scale. 
Source Degree Sum of Mean of 
of of the the 
variation freedom squar:e square ratio Significance 
Total 5 28.17 5.634 
Treatment 1 0.00 0.00 0.0 NS 
Replicants 2 0.12 0.06 1.0 NS 
Error 2 0.12 0.06 
The results are insignificant at any level. 
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